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heat flux q(x,y,t) (W/m )
conductance h2 (W/m K)










z = 0 q(x, y, t) = −k1 ∂T1∂z
z = z1 −k1 ∂T1∂z = −k2 ∂T2∂z
= h1(T1 − T2)
z = z2 −k2 ∂T2∂z = h2(T2 − Tamb)
x = ±∞ T1 = T2 = Tamb
y = ±∞ T1 = T2 = Tamb












































































































































































































































































































































































































































































































Ta(x, y, z, t)
xysv

















T (x, y, z, t) =












wa = Ta − Tamb « wb = Tb − Tamb xysv w = T − Tamb «J·m
Jx[qm

































































































































































































0 t < 0
1 t ≥ 0
@vp
{
















p(t)× q(x, y) ¤Bµ²s gu { m:o
h"xytv©u£oxyhuwpqs+pq ¯hvm)frtDm { JpOfVuhuwpqs { usvouv©m9« w(x, y, 0, t) oZxysJm
p9ghkxqusvmZOdxopqseqp9©rthuwpqsHM

































δ(t− τ)q(x, y) P.¤
 gu
{








t →∞ «guwf1xfuwsOrJfVp9uwp9rghvrgh w(t) ·u hk°hktm~fkxylnm~Jm { uwpgN³fmm0cem:o






























l 2 g«4.6t«Jy>7 M












































































































































































































































P ×H(t) rtsvu  ¡p { ln©wdq¤  vx@h1uwfZ« q(x, y, t) = H(t)×P/(pia2) usvfu£gmhvm gu£f ? «




































i ∈ {1, 2} ¤3ª%mxytv©d+htm  xyt©£xqomÂh { xqsvfi ¡p { l M












Wi(σ, z, s) =
∫ ∞
0
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Wi(σ, z, s) = Ai(σ, s)e

























































































w1(r, 0, s) =
∫ ∞
0








× 1 + g(σ, s)









P ×H(t) oxys+Jm)pqthkxyuwstm:ednhkx ? uwsthtm
©wuwluh
a → 0 ¤^Âf lima→0 J1(σa)a = σ2
«t·1m~9m.h

















× 1 + g(σ, s)






















× 1 + g(σ, s)















































































P ×H(t) rvstu  ¡p { ln©wd°u£f



































× 1 + g(σ, s)
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+ x|, | b
2














− x|, | b
2














+ x|, | b
2




















































































h(σ, s) = L{h(σ, t)} = 1

































































































P ×H(t) u£f)N  ¡p { lrt©wxCN 4:;P%P
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L−1{Φ(r, s)
s































































































wrec(P, a, b, x, y, t)














































































































































pql N 4.B P'ed+hx
?
uwst





























































































 $ E  / Q/'($%  +$,*' /
1 mm
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'(ﬃ  $`O ﬃ &$
z1 = 0.5 mm

z1 = 0.25 mm

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a = 1 mm
&






















































a = 1 mm
xysv

























































































































































































wq(x, y, t) = lim
s→0







































































m <TM   *   T*
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x = ±L/2 & y = ±L/2 

1



















































































































































































































































































































































∆w(1,∞) «O·tuwolnp9fVh©wdﬂovx { x9o

























































































mS6TM ^xy©wrtm)py  |Φ(r, i2pif)| x9fx ¡rtsvo
hkup9s py  r  ¡p { gu5WXm { msOh"@xy©wrtmZf'pq  f N¡uwsvm { h%8P.¤






(x, y, τ) dτ
 f
t →∞ «ehktmfihkmZx9gdO¢¥fVhkxyhm)JmZvx[eup { uwf
w(x, y, t) ∼ ei2pift ×F(f) NL9P
·vm
{






































ei2pift × F(f) P























H(t) × q(x, y) «¯hktmfVhm:xqgdO¢²fihx@hkmﬂ  { mZ¦OrtmZsvo.d { mZfJp9svfmoxqs<DmnpqghxyuwstmZ<Od­fm.hhuwst
s = i2pif
uws


















|i2pif × w1(r, 0, i2pif)| = P
2pik1r
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l uws N 4:;P1gpqlnuwsvx@hkmZfZ«txysv·1m~Jx[qm
























































































γ ∈ [0, 1] M































































































































































































































[(1− γ)√n + γ + γ
√









[(1− γ)√n + γ + γ
√
n + γ − 1−√n] =
(1− γ)
√
1 + γ + γ
√



















































γ + (1− γ)
√
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¤  tm0xylnt©wu hkrvgm0pq hktm0p9fko.uw©©£x@hkup9sx9f
m →∞ u£f






γ + (1− γ)
√
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w11 ≈ 2.63 K/W
w12 ≈ 0.44 K/W































w11 w12 w13 w14
w12 w11 w14 w13
w13 w14 w11 w12










































w11 w12 w13 w14
w12 w11 w14 w13
w13 w14 w11 w12













































































































































































qhigh = 20/9 = 2.2 W/mm
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1.5 (5.6) 1 (1.8)
1 (2.1)
1 (2.5)
1 (6.1)0.5 (3.4)0.1 (0.8)
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qi(n∆t)× [wi((m− n)∆t)− wi((m− n− 1)∆t)] ≈














































































[wi((m − n1 − 1)∆t)− wi((m − n1)∆t)] ·uh hkvx@h
pq 
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·u hk xlx@hktmlxyhu£offpy  hi·'x
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~∇ · ~q = 0
·vm
{
m ~∇ uwf1hktm 























































































































w2~q1 · ~ndS =
∫∫
S
w2~q1 · ~n dS −
∫∫
Sh











w2~∇ · ~q1 dV +
∫∫∫
V




































w2~q1 · ~n dS =
∫∫
Sq
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